For the purpose of exact prediction of multi-solute adsorption equilibrium from respective single-solute adsorption isotherms, we propose a new method which employs a modified Langmuir kinematic adsorption model, assuming that the adsorptive surface of the adsorbent is heterogeneous in energy of adsorption. The predictions of adsorption equilibria on activated carbon for ten kinds of aqueous solutions, involving two solutes, were performed. The prediction accuracy of the present method was the same or slightly better than the two modified Radke's methods, which were proposed by Jossens et aU
For the purpose of exact prediction of multi-solute adsorption equilibrium from respective single-solute adsorption isotherms, we propose a new method which employs a modified Langmuir kinematic adsorption model, assuming that the adsorptive surface of the adsorbent is heterogeneous in energy of adsorption. The predictions of adsorption equilibria on activated carbon for ten kinds of aqueous solutions, involving two solutes, were performed. The prediction accuracy of the present method was the same or slightly better than the two modified Radke's methods, which were proposed by Jossens et aU Intro duction Use of purification by adsorption for industrial and municipal wastewater treatment has become more prevalent in recent years. Adsorption equilibria for mixtures of organic pollutants are required for design of these processes. To reduce experimental work, it is desirable to be able to predict the adsorption equilibrium of mixed organic solutes in dilute aqueous solution by employing only experimental data from single-solute adsorption isotherms.
In spite of its industrial importance, there are few studies on the method of prediction or correlation of multi-solute adsorption equilibrium. Ockrent3) and
Weber6} employed the Langmuir model extended to multi-solute system to predict two-solute adsorption.
But their extended Langmuir model has a strong limitation on its application, because only a few organic aqueous solutions follow the Langmuir isotherm. Radke The Langmuir energy term "k" in Eq. (1) can be regarded as a function of adsorption energy. It becomes large as energy becomes large. Therefore, let the value of k designate the adsorption energy level. Introducing the distribution function of the patches against k9f(k)9 which is represented by the number of adsorption sites per mole (that is, the number of adsorption sites divided by Avogadro's number), we get e.= (*m"fa>&
The amount of adsorption on the patches having adsorption energy k, q(k, C) is given by q(k, C) =f(k)kC/( l + kC) (4) or integration of Eq. (4) with respect to k gives
Finally, the adsorption isotherm for a single-solute system is represented by Eq. (5).
The next problem is how to identify the energy distribution function/^) from the adsorption isotherm measured experimentally for the single-solute system.
1. 2 Identification of energy distribution function, f(k) To determinef(k), so as to fit the experimental data of single-solute adsorption equilibrium, Q(C) in Eq. (5), is essentially the same as "to solve integral equations". There are various methods to solve integral equations, but for simplicity of the following calculations, in the present study an analytical simulation formula which involves some unknown adjusting parameters was assumed as f(k)9 and the parameters which satisfied Eq. (5) were numerically searched. (When the density of adsorbate, p9 is unknown, Qs becomes an unknown parameter, too. In this case, there are three unknown parameters to be identified.) The next problem is howto choose an approximate formula forf(k). Wecan roughly consider this problem as follows. If the adsorption sites which have very low adsorption energy are taken into account, the number of sites draws toward infinity in general. Andthe intrinsic distribution curve of sites is thought to start from a certain maximum value of k and to increase gradually as k decreases, as curve A in Fig. 1 . Further, the curve goes to infinity as k approaches 0, 
Extension to Multi-Solute System
Let us proceed to develop the prediction method of^-solute (multi-solute) adsorption equilibrium on the basis of single-solute equilibria. Nowwe postulate the following assumptions to simplify the succeed-* Equation (6) 
Although each patch has its peculiar values of
k corresponding to the respective species of adsorbate, the rank in the order of k among the patches is independent of species of adsorbate.
1 The relationship among the values of k for each adsorbate
The accumulated number of patches from k* to tax is given by
When an arbitrary patch has adsorption energy kf for adsorbate 1, kf for adsorbate 2, and kf for adsorbate z, the relationship among kf, kf,... kf is described by Eq. (10) according to assumption (5) . were performed to verify the accuracy of the theoretical model. Before use, the carbon (14-16 mesh) was crushed, and the powdered carbon through 200 mesh was adopted. The powdered carbon was further washed and dried at 110°C for a day.
Finally it was kept in a dessicator containing silica gel.
Adsorption equilibria were obtained by contacting known weights of carbon with a given solution in flasks. The carbon was degassed for 30 minutes by aspirator as soon as it contacted the solution.
The flasks were placed on a shaker and agitated for 1-4 days at 35°C. After equilibrium was attained a sample was taken from each flask. Prior to analysis, it was filtered through a 0.5 //-glass filter to be free of any trace of suspended carbon. The concentration of each solute at equilibrium was measured by ultraviolet spectrophotometry. The equilibrium data for phenol-/>-nitrophenol and 
Results of Prediction
The prediction of adsorption equilibria on activated carbon for ten kinds of adsorption system involving two solutes was performed by three methods, namely the two modified Radke's methods1\ in which the Toth equation and the Jossens equation were adopted respectively, and the present method. The adsorption systems used for the predictions are summarized in Table 1 . worse than for the other two equations1}. The reason may be thought to be that the other two equations have three adjusting parameters, but Eq. (8) has only two parameters. If Eq. (8) is modified to have more parameters, the accuracy of fitting may be thought to becomebetter. However,we dare to use a simulation formula having two parameters for simplicity of calculation.
1 Determinations of parameters for single-solute systems

2 Prediction for two-solute system
The relative errors of prediction for ten kinds of two-solute systems calculated by the two modified Radke f Table 1 we should notice that the more adsorbable solutes for single-solute system in the solutes involved in the two-solute systems, are always predicted higher than experimental values for two-solute systems, and the less adsorbable solutes are the reverse, except for one system, /7-cresol-/7-nitrophenol.
For example, the first line of Table 1 shows that phenol is the more adsorbable solute for single-solute system, and its degree of adsorption for the two-solute system is overpredicted, while^-nitrophenol is underpredicted. The reason may be as follows. Although the more adsorbable solute occupies the wider portion on the adsorbent surface, the affinity among adsorbate molecules for different species is stronger than for the same species, so the less adsorbable solute might be enhanced. Thus the more adsorbable solute is overpredicted by the proposed model, while the less ad-290 sorbable solute is underpredicted. Hence the present model has a possibility of improvement in exactitude by taking into account the effect of the interaction among adsorbate molecules, and this is a problem awaiting solution in future.
Conclusion 1) A Langmuir type single-solute adsorption equilibrium model for heterogeneous surface of adsorbent was proposed, and two parameters derived from the equilibrium data were obtained. Further, the model was extended to the multi-solute system, and twosolute adsorption equilibria were predicted by use of parameters for the single-solute system.
2) The prediction accuracy of the proposed method for the two-solute system was the same or a little better than the two modified Radke's methods, proposed by 
